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Abstract of JP1 1 162787 

PROBLEM TO BE SOLVED: To mass- 
produce an electrode body by joining a 
plurality of electrode part formation sheets 
being formed in a band shape onto a running 
metal pyroelectric sheet, forming an electrode 
body sheet, and punching or cutting off a 
plurality of electrode bodies in a specific shape 
from the electrode body sheet. 
SOLUTION: One to n band-shaped electrode 
part formation sheets 22 that are formed in a 



band shape in advance are withdrawn from 
their winding body 21 and are supplied onto a 
long and wide metal sheet 20A that runs 
longitudinally and are joined to a sheet, thus 
forming an electrode body sheet 24. A partial 
coating layer made of a conductive adhesive 
should be preferably formed at a part, where 
the electrode part formation sheets 22 are 
supplied, on a metal pyroelectric sheet The 




electrode body sheet 24 is treated by a cutter 
means and an electrode part in a specific 
shape and a plurality of electrode bodies with 
a pyroelectric lead part are punched or cut off. 
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JP-A 11 162787 

(54) [TITLE OF THE INVENTION] METHOD OF PRODUCING 
ELECTROCHEMICAL CAPACITOR ELEMENT ELECTRODE BODY 
(57) [ABSTRACT] 

[OBJECT] To provide a method of continuously producing an electrode body 
suitable for use in, for example, a large capacity and high power electric 
double -layer capacitor. 

[SOLVING MEANS] A broad and long metal current collector sheet is made 
to travel in a longitudinal direction, plural electrode part forming sheets are 
supplied to the surface of the current collector sheet in such a manner as to 
have a space larger than a current collector lead part between both sheets to 
bind the both with each other to thereby form an electrode body sheet and 
plural electrode bodies having an electrode part and a current collector lead 
part having each predetermined shape are formed from the electrode body 
sheet by punching or cutting. 
[SCOPE OF CLAIMS FOR PATENT] 
[Claim 1] 

A method of producing an electrochemical capacitor element electrode body 
in which an electrode part using a carbon material having a large surface 
area as its main electrode material is formed into a layer form on a metal 
current collector sheet and a current collector lead part is formed from the 
part of said metal current collector sheet where no electrode part is formed, 
the method comprising- a step of allowing a broad and long electrochemical 
capacitor element to travel in a longitudinal direction; a step of supplying 
one, two, n electrode part forming sheets molded into a band form in 



(2) 



advance onto the surface of said traveling current collector sheet in such a 
manner as to have a space larger than the current collector lead part 
between neighboring electrode part forming sheets to bind the both with 
each other to thereby form an electrode body sheet; and a step of forming 
plural electrode bodies having an electrode part and a current collector lead 
part having each predetermined shape from said electrode body sheet by 
punching or cutting. 
[Claim 2] 

A method according to Claim 1, wherein a conductive adhesive is applied in 
advance to the part of the metal current collector sheet to which part the 
electrode part forming sheet is to be supplied and bound. 
[Claim 3] 

A method according to Claim 1 or 2, wherein rolling treatment is carried out 
after the electrode part forming sheet is supplied onto the metal current 
collector sheet. 
[Claim 4] 

A method according to any one of Claims 1 to 3, wherein the electrode 
forming sheet is obtained by kneading and molding a carbon material 
having a specific surface area of 500 m 2 /g or more and 
polytetrafluoroe thylene . 
[Claim 5] 

A method according to any one of Claims 1 to 4, wherein one, two, n 
electrode part forming sheets are supplied onto each side of the metal 
current collector sheet. 

[DETAILED DESCRIPTION OF THE INVENTION] 
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[0001] 

[TECHNICAL FIELD PERTINENT TO THE INVENTION] 

The present invention relates to technologies used to continuously produce 

an electrochemical capacitor element electrode body suitable for use in, for 

example, large capacity and high power electric double-layer capacitors. 

[0002] 

[CONVENTIONAL ART] 

An attention has been recently focused on large capacity and high power 
electric double-layer capacitors to be intentionally applied to, for example, 
driving power sources for vehicles and these capacitors are being developed. 
[0003] 

As one of the structures of large electric double-layer capacitors suitable to 
use for large current discharge, an angular type structure is known as 
described in, for example, JP-A 4154106, JP-A 7-264715, JP A 7-307250, 
JP-A 7-272986 and JP A 8-45793. This structure is formed in the following 
manner. Specifically, a positive electrode body 25 provided with electrode 
layers 23 and 23' made of a carbon material and formed on both sides of a 
usually rectangular metal current collector 20 as shown in Fig. 5(a) and 
with a positive current collector lead 25, and a negative electrode body 25' 
having the same structure as the positive electrode are alternately 
laminated such that a separator 30 is, as shown in Fig. 5(b) is disposed 
between the both, to form a laminate element assembly 50 from which 
current collector leads 52 and 54 are drawn out (Fig. 5(c)). Then, the 
positive electrode current collector lead 52 and the negative electrode 
current collector lead 54 are electrically connected to a positive electrode 
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current collector terminal 75 and a negative electrode current collector 
terminal 77 of a seal lid 65 provided with current collector terminals and 
electrode terminals respectively by caulking or welding. Then, the 
resulting laminate element assembly is received in an angular case with a 
bottom and impregnated with an electrolytic solution. The seal lid is then 
fitted in the angular casing to seal the casing (Fig. 5(d)). 
[0004] 

Also, as another structure of the large electric double layer capacitors 
suitable to use for large current discharge, a cylindrical structure is known 
as described in, for example, JPA 4- 154106, JPA 7 307250 and JPA 
8 45795. This structure is formed in the following manner. A pair of band 
electrodes, specifically, a band-shaped positive electrode body prepared by 
forming an electrode layer containing activated carbon as its main 
component on each side of a metal current collector and a band-shaped 
negative electrode body prepared by forming an electrode layer having the 
same structure on each side of a metal current collector are alternately 
laminated and coiled such that a band-shaped separator is interposed 
between both electrodes, to form a coiled element assembly. This element 
assembly is received in a bottomed cylindrical type metal case and then 
impregnated with an electrolytic solution. Current collector leads drawn 
from the positive and negative electrode bodies respectively are connected to 
each electrode terminal disposed on an insulating seal lid and the seal lid is 
fit to the metal case. 
[0005] 

As the electrode body used in the electric double-layer capacitor as 
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mentioned above, for example, the form shown in Fig. 5(b) is itself known. 
However, no method of mass-producing this electrode body continuously has 
been known. 
[0006] 

[PROBLEM TO BE SOLVED BY THE INVENTION] 

It is an object of the present invention to provide a method of mss-producing 
an electrochemical capacitor element electrode body suitable for use in, for 
example, an electric double-layer capacitor which handles large current and 
has an angular struct ure or cylindrical structure. 
[0007] 

[MEANS FOR SOLVING THE PROBLEM] 

According to the present invention, there is provided a method of producing 
an electrochemical capacitor element electrode body in which an electrode 
part using a carbon material having a large surface area as its main 
electrode material is formed into a layer form on a metal current collector 
sheet and a current collector lead part is formed from the part of the metal 
current collector sheet where no electrode part is formed, the method 
comprising- a step of allowing a broad and long electrochemical capacitor 
element to travel in a longitudinal direction? a step of supplying one, two, 
n electrode part forming sheets molded into a band form in advance onto the 
surface of the traveling current collector sheet in such a manner as to have a 
space larger than the current collector lead part between neighboring 
electrode part forming sheets to bind the both with each other to thereby 
form an electrode body sheet; and a step of forming plural electrode bodies 
having an electrode part and a current collector lead part having each 
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predetermined shape from the electrode body sheet by punching or cutting. 
[0008] 

[EMBODIMENTS OF THE INVENTION] 

The present invention will be described in detail with reference to the 

drawings. 

[0009] 

Figs. 1 and 2 show a preferred embodiment of the present invention. Fig. 1 
is an explanatory view of a process and Fig. 2 is a plan view of the process. 
[0010] 

(l) Metal Current Collector Sheet 

First, a metal current collector sheet will be described. 
[0011] 

A metal current collector sheet 20A on which an electrode part using a 
carbon material as its main electrode material is formed is a broad and long 
metal sheet, which is, as shown in the drawing, uncoiled from the coiled 
body and made to travel in a longitudinal direction. Here, R represents a 
supply roll, and R' represents a winding roll. 
[0012] 

As the metal current collector sheet 20A, a foil of a metal such as silver, 
copper, aluminum, iron, stainless steel or their alloys which have good 
conductivity and extensibility is preferably used. An aluminum foil, copper 
foil, iron foil, stainless foil or their alloy foils are more preferable and an 
aluminum foil is most preferable. 
[0013] 

Description will be hereinafter furnished as to the metal current sheet of the 
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present invention, taking the case where the metal current collector sheet is 
an aluminum foil as an example- however, the case where other metal foils 
are used may be likewise handled according to the above case. 
[0014] 

As the aluminum foil used as the metal current collector sheet in the 
present invention, an aluminum foil having a purity of about 99.00 to 
99.85% as prescribed in JIS H4160 may be used. A high-purity aluminum 
foil which is used as a polar material such as an electrolytic condenser as 
prescribed in JIS H4170 and has an aluminum purity of preferably 99.90% 
or more and more preferably 99.99% or more is more preferable. 
[0015] 

The thickness of the metal current collector sheet is preferably 6 to 200 \xm 

and more preferably 50 to 150 |xm. 

[0016] 

As the metal current collector sheet in the present invention, a broad and 
long one is used. A broader one is more preferable. The broad and long 
one is commercially available as a coiled body. 
[0017] 

The metal current collector sheet (hereinafter referred to simply as a metal 
sheet) 20A as shown in the drawing is a broad and long metal sheet. The 
metal sheet is uncoiled from a coiled body and made to travel in a 
longitudinal direction. 
[0018] 

In the present invention, 1, 2, n band electrode part forming sheets 22 
[22(1), 22(2), 22(n)] which are molded into a band form in advance are 
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supplied onto the surface of the broad and long metal sheet 20A running in 
a longitudinal direction by drawing n sheets from the coiled bodies 21 [2l(l), 
21(2), 2l(n)] and bound with the metal sheet to make an electrode body 
sheet 24. In Fig. 2, the case where n is 4 is shown, n is an integer from 
about 1 to 20 and preferably about 2 to 10. 
[0019] 

Each electrode part forming sheet has a width of L and is supplied onto the 
surface of the running metal current collector sheet in such a manner as to 
leave a space 1 larger than the current collector lead part between 
neighboring electrode forming sheets and bound with the current collector 
sheet to make an electrode body sheet 24. 
[0020] 

The resulting electrode sheet 24 has such a structure in which each 
electrode part forming sheet 22 [22(l), 22(2), 22(n)] is arranged such that 
a part 1 where no electrode part sheet is bound and a metal sheet is exposed 
is sandwiched between each sheet 22 as shown in Fig. 3. Specifically, the 
distance between the electrode part forming sheets is 1. 
[0021] 

It is to be noted that in order to bind the both sheets satisfactorily, coaters 
33 [33(l), 33(2), 33(n)] are arranged at the parts where the electrode part 
forming sheets 22 [22(l), 22(2), 22(n)] on the metal current collector sheet 
to form partial conductive adhesive coating layers 34 [34(l), 34(2), 34(n)] 
in advance. These coaters 33 [33(l), 33(2), 33(n)] are unnecessarily 
arranged independently and may be integrated as one apparatus insofar as 
it can form the conductive adhesive coating layer as such separated layers 
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34(1), 34(2), 34(n) as shown in Fig. 2. 
[0022] 

The supplied electrode part forming sheet is laminated on the conductive 
adhesive layer. This laminated sheet is preferably rolled by mill rolls 40 
and 40' to thereby form an electrode body sheet 24 in which the electrode 
part forming sheet is firmly stuck to the metal current collector sheet 
through the conductive adhesive layer. 
[0023] 

In this case, the surface of the metal current collector sheet is preferably 
subjected to surface roughing treatment (surface treatment) such as etching 
treatment to improve adhesiveness. 
[0024] 

In the present invention, the electrode part sheet is preferably applied to 
each side of the metal current collector sheet. As shown in Fig. 1, the 
electrode part sheet is supplied onto each side of the metal current collector 
sheet to thereby obtain an electrode body sheet with the electrode part 
forming sheets bound with each side thereof at once. 
[0025] 

Though depending on the situation, the following means may be adopted if 

there is some limitation to the structure of equipment. 

[0026] 

Specifically, first the broad and long metal current collector sheet is made to 
travel in a longitudinal direction and the electrode part forming sheet is 
supplied onto one surface of the running metal current collector sheet to 
bind both sheets with each other, thereby forming an electrode body sheet 
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with the electrode part forming sheet bound with one surface thereof as a 
coiled product and this first process is finished at the end of the above steps. 
Then, the electrode body sheet is uncoiled to treat the remainder surface in 
the same operation as above to thereby obtain an electrode body sheet with 
the electrode part forming sheets bound with each side thereof resultantly. 
[0027] 

(2) Band Electrode Part Forming Sheet 

As the band electrode part forming sheet used in the present invention, any 
material may be used without any particular limitation and the sheet may 
be formed by a known methods as described in, for example, U.S. Patent No. 
3,288,641, JP-B 55 41015 and JP A 6126207. A more preferable method is 
described in JP B 7 105316. 
[0028] 

Such an electrode part forming sheet is obtained, for example, in the 
following manner. Specifically, a carbon material powder (specific surface 
area- about 500 to 3500 m 2 /g) such as activated carbon and polyacene is used 
as a main component, to which are added conductive carbon such as carbon 
black and graphite carbon whisker and a binder such as 
polytetrafluoroethylene (PTFE), polyvinylidene fluoride (PVDF), 
ethylene/tetrafluoroethylene copolymers, polychlorotrifluoroethylene and 
carboxymethyl cellulose. The mixture is kneaded in the presence of a 
liquid lubricant such as an alcohol, water, petroleum and white oil to obtain 
a viscous kneaded mixture, which is then rolled and/or extruded and then 
molded into a sheet form to obtain an electrode part forming sheet. It is 
preferable that this sheet article be further stretched in the direction of one 
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axis or in the directions of multi-axis. 
[0029] 

The thickness of the electrode part forming sheet that forms the electrode is 
preferably about 20 jam to 2.0 mm and preferably about 100 jam to 1.0 mm 
when large current is handled, though no particular limitation is imposed on 
it. 

[0030] 

The width L of the final band electrode part forming sheet is determined in 
accordance with the shape of the intended capacitor, for example, the size of 
an angular structure capacitor or cylindrical type capacitor and is usually 
about 10 to 250 mm and preferably about 20 to 100 mm. 
[0031] 

The electrode part forming sheet obtained in the above manner is finally is 
made into a roll-like coiled body having a desired width and stored until it is 
used. 
[0032] 

(3) Conductive Adhesive 

In the present invention, as already described, it is preferable to use a 
conductive adhesive for the purpose of combining the electrode part forming 
sheet firmly with the metal current collector sheet. 
[0033] 

The conductive adhesive is an adhesive containing a conductive filler. As 
the conductive filler, a carbon type powder such as carbon black, graphite 
carbon whisker and a metal powder such as a silver powder, copper powder 
and aluminum powder are used. A carbon type powder is more preferable 
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in consideration of solvent resistance to the solvent to be used as the 

electrolytic solution. 

[0034] 

Various resins may be used as the adhesive resin component. Preferable 
examples of the conductive filler include polyvinyl acetates (PVAc), 
polyacrylates, ethylene/vinyl acetate copolymer resins (EVA), ionomer resins, 
polyvinyl alcohols (PVA), polyvinylbutyrals, nitrocellulose, styrene 
butadiene rubber (SBR), butadieneacrylonitrile rubber (NBR), neoprene 
(polychloroprene) rubber (CR), phenol resins, melamine resins, polyurethane 
resins, urea resins, polyimide resins and polyamideimide resins. 
[0035] 

One or two or more solvents selected from aqueous solvents such as water 
and methanol, ethanol, IPA, butanol, trichloroethylene, DMF, ethyl ether, 
acetone, methyl ethyl ketone, MEK, MIBK, toluene, xylene, ethyl acetate, 
methyl cellosolve, ethyl cellosolve and N-methyl-2-pyrrolidone (NMP) are 
added to the adhesive resin component as required to dissolve or emulsify 
the resin component upon use. 
[0036] 

In the case of resins having a relatively low melting point such as EVA, 
PVAC, polyethylene, polypropylene, polyamide, rosin ester and paraffin wax, 
it is possible to use them as heat-melt type adhesives (so-called hot-melt 
adhesives) without using any solvent. 
[0037] 

The amount of the conductive adhesive to be compounded is properly 
selected according to the object and is usually 0.05 to 3000 parts by weight 
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based on 100 parts by weight of the resin in the case of the conductive filler. 
The amount of the solvent is about 0 to 200 parts by weight based on 100 
parts by weight of the resin. Also, the thickness of the adhesive layer is 
about 0.1 to 100 ^im. 
[0038] 

Various known coaters may be used as the coaters 33 for applying the 
conductive adhesive to the metal current collector sheet. A Tdie type is 
shown in the drawing. Besides this T die type, various types such as a slot 
orifice coater, beads coater, positive rotation roll coater, reverse roll coater, 
squeeze roll coater, pickup roll coater, direct gravure roll coater, kiss roll 
coater, dip roll coater, air doctor coater, knife over roll coater, rod coater, 
screen coater and further a coater using a spray nozzle may be used. A 
preferable type is selected corresponding to, for example, the viscosity, 
coating temperature, installed position and desired coating thickness of the 
conductive adhesive. 
[0039] 

After the conductive adhesive is applied and/or after the electrode body 
sheet is formed, the coating layer is dried by infrared-ray drying, air band 
drying or air-box type drying, whereby the solvent in the coating layer can 
be removed. 
[0040] 

(4) Formation of Electrode Body 

The electrode body sheet 24 is treated by a cutter means 45 shown in Fig. 2 
to form plural electrode bodies having an electrode part and a current 
collector lead part having each predetermined shape from the electrode body 
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sheet by punching or cutting. A clearance cutter system and a contact 
pressure system may be applied as the cutter means, although the cutter 
means is not particularly predetermined. 
[0041] 

Fig. 4 shows the situation where a rectangular electrode body 25 suitable for 
the formation of an angular type capacitor laminate element assembly 
shown in Fig. 5(a) is formed. 
[0042] 

Specifically, the rectangular electrode layer (L x L') part shown in Fig. 4 is 
formed from the part of the electrode body sheet 24 shown in Fig. 3 which 
part is bound with the electrode forming sheets 22 [22(l), 22(2), 22(n)] 
having a width of L by cutting or punching and the rectangular current 
collector lead 52 (h x h 5 ) part is formed from the metal current collector 
sheet which has a width of 1 and with which no carbon material is bound, by 
cutting or punching, to thereby form plural electrode bodies 25 provided 
with the electrode layer and current collector lead each having the above 
predetermined from resultantly. 
[0043] 

To explain how to cut out the current collector lead, the following method 
may be used besides the method shown in Fig. 4(a) : plural current collector 
leads for the electrode layers [25(l) and 25(2)] which are facing each other 
through the part from which a metal current collector sheet is exposed from 
the exposed part as shown in Fig, 4(b). In this case, the parts where no 
current collector lead is cut out and the metal current collector sheet is 
exposed are left. However, it is, of course, unnecessary to make the width Y 
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of this part larger than the current collector lead and the width Y may be 

almost zero. 

[0044] 

According to the present invention, the band electrode body suitable for the 
formation of the cylindrical capacitor coiled element assembly is also formed 
in the same manner as above. 
[0045] 

In the case of the band electrode body used in the coiled element assembly, 
the current collector lead part is preferably formed in plural and it is also 
preferable to gradually change the distances between neighboring current 
collector leads to take out the current collector leads from almost the same 
phase to cope with the situation where the inside diameter and outside 
diameter of the coiled element assembly differ from each other and to 
connect these current collector leads collectively with electrode current 
collector terminals. 
[0046] 

[EXAMPLES] 

The present invention will be described in detail by way of examples, which 
are, however, intended to be limiting of the technical scope of the present 
invention. In the following examples, all designations of % indicate weight 
percentage (wt.%). 
[0047] 

[Example l] 

(Preparation of the electrode part forming sheet) 

Ethanol was added to 80% of an activate carbon powder, 10% of furnace 
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black and 10% of PTFE as a binder. The mixture was kneaded and rolled 
into a long sheet having a width of 100 mm and a thickness of 0.2 mm. The 
sheet was dried at 130°C for 2 hours and then coiled to form a roll-like 
electrode part forming sheet. 
[0048] 

(Metal current collector sheet) 

As the metal current collector sheet, a coiled body of a long aluminum foil 
having a thickness of 0.1 mm, a width of 850 mm and a purity of 99.99% or 
more was used. 
[0049] 

The electrode part forming sheets were supplied from four rolls of the 
electrode part forming sheet arranged at intervals 1 (40 mm) to the front and 
back sides of the aluminum foil drawn out at a rate of 5 m/min. Conductive 
adhesives each having a width of 100 mm were supplied and applied to the 
parts where the electrode part forming sheets were supplied, from four slot 
orifice coaters located upstream of these parts at intervals, I = 40 mm. Also, 
as the conductive adhesive, one prepared by mixing carbon black, polyvinyl 
acetate (PVAc) and an aqueous solvent in a ratio of 20/3/77 was used and 
applied in a thickness of 10 ^im. 
[0050] 

This laminate having the structure- electrode part forming sheet/conductive 
adhesive/metal current collector sheet/conductive adhesive/electrode par 
forming sheet, was treated by a roll press under a pressure of 10 kg/cm 2 to 
bind these sheets to form an electrode body sheet. 
[0051] 
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A contact-pressure cutting system cutting means was applied to this 
electrode body sheet to form an electrode body sheet having the shape 
shown in Fig. 4(a) by punching. Here, L is 100 mm, L' is 60 mm, h is 30 
mm and h' is 20 mm. Each electrode body formed by punching was 
supplied onto a bat placed behind the coiling roll and laminated 
automatically. 
[0052] 

(Fabrication of capacitor) 

Positive electrode bodies and negative electrode bodies which were 
respectively constituted of 15 electrode bodies that were the electrodes 
obtained above were laminated together with a separator made of a 
105-square-mm and 0.15mmthick fibrous nonwoven fabric interposed 
between both electrodes as shown in Fig. 5(b) to obtain a laminate element 
assembly, which was then dried at 100°C for 3 hours. 
[0053] 

As the container, a 127-mm-high, 114 mm- wide and 30-mnrthick casing 
made of aluminum having a thickness of 1.5 mm was used and as its lid, a 
114-mm wide and 30-mnrthick plate which was made of aluminum having a 
thickness of 2 mm and provided with a positive electrode current collector 
terminal and a negative electrode current collector terminal which were 
insulated and secured thereto was used. 
[0054] 

Each group of 15 current collector leads drawn from the laminate element 
assembly was laminated and caulked to unite each group, which was then 
connected to the positive current collector terminal and the negative current 
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collector terminal respectively by welding. 
[0055] 

A propylene carbonate solution containing 1 mol/1 of tetraethylphosphonium 
tetrafluoroborate was injected from a liquid injecting port (not shown in Fig. 
5) to impregnate the laminate element assembly with the solution. The 
aluminum seal lid was welded by laser welding to the aluminum container 
with a bottom to seal the container, thereby obtaining a laminate type 
capacitor. 
[0056] 

This capacitor had the characteristics that the discharge capacity was 1950 
F and the average discharge power found from an average discharge voltage 
when operated at a constant current of 100 A since the capacitor was 
charged at 2.5 V until the voltage was 0 V was 71 W. 
[0057] 

[EFFECT OF THE INVENTION] 

According to the present invention, a method of continuously 
mass-producing an electrochemical capacitor element electrode body 
suitable for use in, for example, an electric double-layer capacitor which 
handles large current and has an angular structure or cylindrical structure 
is provided. 

[BRIEF DESCRIPTION OF THE DRAWINGS] 

[Fig. l] An explanatory view showing a process for practicing the present 
invention. 

[Fig. 2] A plan view of an apparatus for practicing the present invention. 
[Fig. 3] An explanatory view of an electrode body sheet. 
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[Fig. 4] An explanatory view showing the situation where an electrode body 
is formed on an electrode body sheet by a cutter means. 

[Fig. 5] An explanatory view showing the fabrication of an electric 

double-layer capacitor having an angular structure. 

[EXPLANATION OF SYMBOLS] 

20 Metal current collector 

20A Metal current collector sheet 

21, 2V Coiled body of electrode part forming sheet 

2l(l), 21(2), 2l(n) Each coiled body of electrode forming sheet 

22, 22' Electrode part forming sheet supplied onto surface of metal current 
collector sheet 

22(1), 21(2), 2l(n) Each electrode part forming sheet 

23, 23' Electrode layer 
24 Electrode body sheet 

25, 25' Positive electrode body, negative electrode body 
30 Separator 

33, 33' Coater 

33(1), 33(2), 33(n) Each coater 

34, 34' Coating layer 

34(1), 34(2), 34(n) Each coating layer 

40, 40' Mill roll 

45 Cutter means 

50 Laminate element assembly 

52 Positive current collector lead 

54 Negative electrode current collector lead 
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60 Metal case 

65 Metal seal lid 

72 Positive electrode terminal 

74 Negative electrode terminal 

75 Positive electrode current collector terminal 
77 Negative electrode current collector terminal 
H Width of metal current collector sheet 

L Width of band electrode part forming sheet 
1 Distance between electrode part forming sheets 

F Distance between electrode part forming sheets at part where current 
collector lead is not cut out 
R Supply roll 
R' Winding roll 
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